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(54) SWITCH DEVICE

(67)  Embodiments of the present disclosure relate to
a switch device, comprising: a first three-position switch;
a second three-position switch disposed below the first
three-position switch; a circuit breaker disposed between
the first three-position switch and the second three-po-
sition switch. A first interlock unit is disposed above the
circuit breaker and connected to the circuit breaker and
the first three-position switch, and configured to block a
manual operation of the first three-position switch in a
closed state of the circuit breaker, and configured to block
a manual closing operation of the circuit breaker while
the first three-position switch is manually operated in an
open state of the circuit breaker. A second interlock unit
is disposed below the circuit breaker and connected to
the circuit breaker and the second three-position switch,
and is configured to block a manual operation of the sec-
ond three-position switch in the closed state of the circuit
breaker, and configured to block a manual closing oper-
ation of the circuit breaker while the second three-posi-
tion switch is manually operated in the open state of the
circuit breaker.
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Description
FIELD
[0001] The present disclosure generally relate to a

switch device, and more specifically to a switch device
for a high voltage switch cabinet.

BACKGROUND

[0002] Asiswellknown, only one three-position switch
and one circuit breaker are usually mounted in the same
switch cabinet. For example, a bus coupler includes one
three-position switch and a circuit breaker, and a bus
riser includes one three-position switch and one circuit
breaker. The mechanical interlock between the circuit
breaker and a corresponding disconnection switch is
easily implemented with the above arrangement. How-
ever, in a conventional design, the bus coupler and the
bus riser are usually two separate cabinets, and two cab-
inets are usually needed when the bus coupling function
and bus rising function need to be achieved. Therefore,
the overall size of the cabinets is made larger and the
cost is made higher.

SUMMARY

[0003] Inordertosolvethe above problems and atleast
some of other problems, the present disclosure provides
a switch device which integrates two different functions
such as a bus coupling function and a bus rising function
in one cabinet. The switch device has a smaller size,
fewer parts and lower mounting and manufacturing cost.
[0004] According to an aspect of the present disclo-
sure, there is provided a switch device, comprising: a first
three-position switch; a second three-position switch dis-
posed below the first three-position switch; a circuit
breaker disposed between and coupled to the first three-
position switch and the second three-position switch; and
a first interlock unit and a second interlock unit. The first
interlock unit is disposed above the circuit breaker and
coupled to the circuit breaker and the first three-position
switch, and configured to block a manual operation of
the first three-position switch in a closed state of the cir-
cuit breaker, and configured to block a manual closing
operation of the circuit breaker while the first three-posi-
tion switch is manually operated in an open state of the
circuit breaker. The second interlock unitis disposed be-
low the circuit breaker and coupled to the circuit breaker
and the second three-position switch, and is configured
to block a manual operation of the second three-position
switch in the closed state of the circuit breaker, and con-
figured to block a manual closing operation of the circuit
breaker while the second three-position switch is manu-
ally operated in the open state of the circuit breaker.

[0005] In the switch device according to the present
disclosure, the first three-position switch and the second
three-position switch are disposed in the same cabinet,
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for example, one three-position switch is disposed above
the other three-position switch in the same cabinet. The
switch device can achieve different functions, and exhibit
asmaller size, fewer parts, lower costand easy mounting
and manufacturing. In addition, the firstinterlock unitand
the second interlock unit are also provided in the switch
device. The first interlock unit and the second interlock
unit are respectively disposed above and below the cir-
cuit breaker to achieve the interlock between the corre-
sponding three-position switches and the circuit breaker.
Therefore, in the switch device, the arrangement of the
first and second interlock units can avoid maloperation
of the circuit breaker (e.g., a vacuum circuit breaker) and
two three-position switches to avoid accidents and meet
the interlocking requirement of the switch device.
[0006] Inan embodimentaccording to the present dis-
closure, the first three-position switch may be configured
toimplement bus coupling, and the second three-position
switch may be configured to implement bus rising. How-
ever, those skilled in the art should appreciate that the
positions of the first three-position switch for bus coupling
and the second three-position switch for bus rising may
be exchanged. In other embodiments, the first and sec-
ond three-position switches may also perform other func-
tions according to actual needs.

[0007] Inanembodimentaccording to the present dis-
closure, the first interlock unit and the second interlock
unit may be respectively configured to switch between a
locked position and a released position, wherein at the
locked position, the manual operation of the first three-
position switch and the second three-position switch is
not allowed. At the released position, the manual oper-
ation of the first three-position switch and the second
three-position switch is allowed. The circuit breaker may
include a rotatable main shaft, and the first interlock unit
and the second interlock unit are each selectively en-
gaged with the rotatable main shaft, and are respectively
configured to: when the circuit breaker is closed, the first
interlock unit and the second interlock unit are locked by
the rotatable main shaft to be at the locked position to
block the manual operation of the first three-position
switch and the second three-position switch, and when
the circuit breaker is opened, the first interlock unit and
the second interlock unit are released by the rotatable
main shaft to be at the released position to allow the
manual operation of the first three-position switch and
the second three-position switch.

[0008] Since the rotatable main shaft of the circuit
breaker is associated with the closing and opening states
of the circuit breaker, the interlock units can be locked or
released by engaging each of the interlock units selec-
tively with the rotatable main shaft of the circuit breaker.
In addition, when the interlock units are at the locked
position, the manual operation of the three-position
switches is not allowed, and when the interlock units are
at the released position, the manual operation of the
three-position switches is allowed. Therefore, in the
present embodiment, simply making the main shaft of
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the circuit breaker interact with the two interlock units,
the manual operation of the three-position switches can
be blocked when the circuit breaker is closed, and the
manual operation of the three-position switches is al-
lowed when the circuit breaker is opened.

[0009] Inanembodiment according to the present dis-
closure, each of the first three-position switch and the
second three-position switch may include: a first opera-
tion opening configured to permit manual implementation
of adisconnection operation; a second operation opening
configured to permit manual implementation of an earth-
ing operation; and an access cover configured to be ac-
tuated to switch between a first position and a second
position, where at the first position, the access cover cov-
ers both the first operation opening and the second op-
eration opening, and at the second position, the access
cover opens one of the first operation opening and the
second operation opening.

[0010] By simply setting the access cover to cover and
openthe firstand second operation openings, the manual
operation of the disconnecting function and the earthing
function of the three-position switches can be achieved
through a simple mechanical structure.

[0011] Inan embodiment according to the present dis-
closure, the first interlock unit may comprise a first trans-
mission mechanism, the second interlock unit may com-
prise a second transmission mechanism, and the first
transmission mechanism and the second transmission
mechanism are connected to the corresponding access
cover and capable of moving synchronously with the cor-
responding access cover, and the first transmission
mechanism and the second transmission mechanism are
respectively configured to be locked when the circuit
breaker is closed, so that the access cover cannot be
switched to the second position; and be released when
the circuit breaker is opened, and actuated when the ac-
cess cover is switched to the second position, so that the
circuit breaker cannot be closed.

[0012] In this embodiment, both the first and second
interlock units include a transmission mechanism that
can be at the locked position and the released position
due to the action of the main shaft of the circuit breaker.
Specifically, the transmission mechanismis at the locked
position when the circuit breaker is closed, and the trans-
mission mechanism is at the released position when the
circuit breaker is opened. Furthermore, with the trans-
mission mechanism being engaged with the access cov-
er and synchronously moving with the access cover, the
access cover can also be at a locked position or first
position not permitting the manual operation of the three-
position switches due to the action of the main shaft of
the circuitbreaker, and at the released position or second
position permitting the manual operation of the three-po-
sition switches. Hence, the interlock of the two three-
position switches and the circuit breaker can be imple-
mented through the interaction among the transmission
mechanisms, the access cover and the main shaft of the
circuit breaker.
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[0013] Inan embodimentaccording to the present dis-
closure, the first three-position switch may further com-
prise a first access cover rotating shaft, the access cover
of the first three-position switch is fixedly mounted on the
firstaccess cover rotating shaft, and the firstaccess cover
rotating shaft is configured to be capable of being rotated
so that the access cover of the first three-position switch
is switched between the first position and the second
position. The first transmission mechanism of the first
interlock unit may comprise: a first link mechanism cou-
pled to the first access cover rotating shaft and including
a vertical extension, and configured to move synchro-
nously with the first access cover rotating shaft; and a
pivotable link configured to be capable of pivoting about
an axis under actuation of the first link mechanism.
[0014] With the access cover being mounted on the
rotating shaft, the switching of the positions of the access
cover can be achieved simply through the knob on the
rotating shaft. The first transmission mechanism com-
prises the first link mechanism and the pivotal link which
interact with each other. The first interlock unit can syn-
chronously move with the access cover through the first
link mechanism included in the first transmission mech-
anism and connected to the first access cover rotating
shaft. By including the pivotable link that can be actuated
by the first link mechanism, the first interlock unit can
actuate the linkage mechanism of a closing operation of
the circuit breaker through the pivotable link.

[0015] In an embodimentaccording to the present dis-
closure, a first bi-link may be fixedly provided on the ro-
tatable main shaft. The first bi-link may include two links
spaced apart from each other by a certain space. The
first bi-link may be configured to limit the vertical exten-
sion between the two links when the circuit breaker is
closed, so that the first link mechanism cannot move, and
thus the access cover of the first three-position switch
cannot be switched to the second position, and config-
ured to release the vertical extension when the circuit
breaker is opened, so that the access cover of the first
three-position switch can be moved to the second posi-
tion and the first link mechanism can move to actuate the
pivotable link to pivot about the axis.

[0016] Itis possible to, by arranging the first bi-link on
the main shaft and by locking and releasing the vertical
extension of the link mechanism through the first bi-link,
implement the locking and releasing operation of the first
interlock unit and the locking and releasing operation of
the access cover of the first three-position switch through
simple engagement of the bi-link and the vertical exten-
sion.

[0017] Inan embodimentaccording to the present dis-
closure, the circuit breaker may include a closing button,
and the first interlock unit further includes a first linkage
mechanism linked with the closing button, and the first
linkage mechanism is configured to be capable of being
engaged with the pivotable link when the circuit breaker
is opened so that the closing button cannot be pressed.
It is possible to avoid pressing the closing button due to
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maloperation, through the engagement between the first
linkage mechanism and the pivotable link, when the cir-
cuit breaker is opened.

[0018] Inanembodiment according to the present dis-
closure, the first link mechanism may include: a lever
having a first end fixedly connected to the access cover
rotating shaft to swing under the rotation actuation of the
access cover rotating shaft; a first fixed pin fixedly dis-
posed in the switch device; and a first slider supported
by the first fixed pin and including the vertical extension,
the first slider accommodating a second end of the lever
and configured to slide horizontally along the first fixed
pin as the lever swings.

[0019] Sincethefirstlink mechanismincludesthelever
and the first fixed pin, the rotary motion of the rotation
axis of the access cover can be converted into horizontal
sliding of the first slider, and the horizontal sliding of the
first slider can then actuate the pivotable link to pivot
about the axis, thereby engaging the first linkage mech-
anism.

[0020] In an embodiment according to the present dis-
closure, the first slider includes an elongated slot and a
V-shaped slot, the first fixed pin is located in the elongat-
ed slot, and a first end of the pivotable link is engaged
with the V-shaped slot. When the access cover of the
first three-position switch is at the first position, the first
fixed pin is located in the middle portion of the elongated
slot, and the first end of the pivotable link is located in
the middle portion of the V-shaped slot, and a second
end of the pivotable link is not engaged with the first link-
age mechanism. When the access cover of the first three-
position switch is at the second position, the first fixed
pin is located at an end of the elongated slot, and the first
end of the pivotable link is located at an end of the V-
shaped slot and is actuated by the end of the V-shaped
slot to pivot the second end of the pivotable link into en-
gagement with the first linkage mechanism.

[0021] The sliding of the first slider along the fixed pin
can be simply realized by providing the elongated slot on
the first slider. It is possible to, by providing the V-shaped
slot on the first slider, actuate the pivotable link to engage
the first linkage mechanism through the engagement of
the V-shaped slot and the pivotable link, during the sliding
process of the slider, thereby avoiding pressing the clos-
ing button due to maloperation when the circuit breaker
is opened.

[0022] Inanembodimentofthe present disclosure, the
second three-position switch may further comprise a sec-
ond access cover rotating shaft, the access cover of the
second three-position switch is fixedly mounted on the
second access cover rotating shaft, and the second ac-
cess cover rotating shaft is configured to be capable of
being rotated so that the access cover of the second
three-position switch is switchable between a first posi-
tion and a second position. The second transmission
mechanism of the second interlock unit may comprise:
a pull wire connected to the second access cover rotating
shaft and configured to be pulled down under the rotation
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actuation of the second access cover rotating shaft, and
a second link mechanism is connected to the pull wire
and configured to be movable in the vertical direction.
[0023] With the access cover being mounted on the
rotating shaft, the switching of the positions of the access
cover can be achieved simply through the knob on the
rotating shaft. The second transmission mechanism
comprises the pull wire and the second link mechanism
which interact with each other. With the pull wire con-
nected to the second access cover rotating shaft being
included in the second transmission mechanism, move-
ment conditions of the interlock unit can be associated
with the access cover. Since the second link mechanism
that can be actuated by the pull wire is also included, the
interlock unit can engage the linkage mechanism of the
closing switch of the circuit breaker by rotating the access
cover, pulling the pull wire and thereby actuating the sec-
ond link mechanism.

[0024] In an embodimentaccording to the present dis-
closure, a second bi-link may be fixedly provided on the
rotatable main shaft. The second bi-link is spaced apart
from the first bi-link and may be configured to: when the
circuitbreaker is closed, engage with andlock the second
link mechanism so that it cannot move vertically, so that
the pull wire cannot be pulled down and the access cover
of the second three-position switch cannot be switched
to the second position; and when the circuit breaker is
opened, release the second link mechanism so that the
access cover of the second three-position switch can
move to the second position, and the second link mech-
anism can move.

[0025] Itis possible to, by arranging the second bi-link
on the main shaftand by locking and releasing the second
link mechanism through the second bi-link, implement
the locking and releasing operation of the second inter-
lock unit and the locking and releasing operation of the
access cover of the second three-position switch,
through simple engagement of the bi-link and the second
link mechanism.

[0026] In an embodimentaccording to the present dis-
closure, the circuit breaker may include a closing button,
and the second interlock unit further includes a second
linkage mechanism linked with the closing button, and
the second linkage mechanism is configured to be en-
gaged with the second link mechanism when the circuit
breaker is opened so that the closing button cannot be
pressed. Itis possible to avoid pressing the closing button
due to maloperation, through the engagement between
the second linkage mechanism and the second link
mechanism, when the circuit breaker is opened.

[0027] Inanembodiment of the present disclosure, the
second link mechanism includes a first portion, a second
portion and a third portion, and the first portion and the
third portion are respectively connected to both ends of
the second portion. The second portion may be config-
ured to pivot around a second fixed pin at the middle
thereof, so that the first portion and the third portion are
simultaneously locked, or so that when one of the first
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portion and the third portion moves upward, the other
one moves downward. The third portion may be config-
ured to: be locked when the circuit breaker is closed so
that the first portion is also locked, and released when
the circuit breaker is opened, so that the first portion can
move in a direction opposite to the third portion.

[0028] Since the second link mechanism incudes the
above first, second and third portions, the first portion
and third portion can be locked simultaneously or move
in opposite directions. When the first portion and the third
portion are locked at the same time, the pull wire can be
prevented from being pulled down, that is, the position
of the access cover of the second three-position switch
is prevented from being switched. When the first part and
the third part move in opposite directions, the second
linkage mechanism of the closing button can be actuated
by the movement of the third portion or the first portion.
[0029] In an embodiment according to the present dis-
closure, the third portion may include a slot, and the slot
accommodates a third fixed pin so that the third portion
can slide up and down along the third fixed pin. When
the circuit breaker is closed to cause the second bi-link
to move upward, the second bi-link is engaged with an
upper end of the third portion, and an upper end of the
slot is engaged with the third fixed pin to limit movement
of the third portion in the vertical direction. When the cir-
cuitbreakeris opened to cause the second bi-linkto move
upwards, the second bi-link releases the upper end of
the third portion so that the first portion can move down-
ward under the pull of the pull wire, and meanwhile the
third portion can move upward.

[0030] The third portion can be locked through the in-
teraction of the second bi-link and the third fixed pin.
When the third portion is released, due to the mutual
engagement of the slot and the third fixed pin, a move-
mentrange of the third portion is also limited by the length
of the slot, so that the third portion will not move upward
without restriction.

[0031] Inan embodiment according to the present dis-
closure, the first portion may include: a vertical plate hav-
ing alower end connected to an end of the second portion
opposite to the third portion and connected to the pull
wire, and a second slider connected to an upper end of
the vertical plate and having an upper end provided with
a groove; at an end of a downward movement stroke of
the first portion, the first portion is engaged with the sec-
ond linkage mechanism through an upper end of the
groove. With the second slider being provided with the
groove, the second linkage mechanism can be engaged
in a simple way when the first portion moves downward.
[0032] Inan embodiment according to the present dis-
closure, each of the first three-position switch and the
second three-position switch may include: a first auxiliary
switch for implementing a disconnection function; a sec-
ond auxiliary switch for implementing an earthing func-
tion; wherein when one of the first auxiliary switch and
the second auxiliary switch is in an open state, the other
one of the first auxiliary switch and the second auxiliary
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switch is in a closed state.

[0033] The auxiliary switches are important parts of the
three-position switches. The disconnection function and
the earthing function can be performed by allowing each
three-position switch to include two auxiliary switches. In
addition, only one of the two auxiliary switches can be in
the closed state at the same time, so that the earthing
function of the three-position switch is allowed only when
the disconnection function is blocked, and the discon-
nection function of the three-position switch can be al-
lowed only when the earthing function is blocked.
[0034] Inan embodimentaccording to the present dis-
closure, the first auxiliary switch may include: a first main
shaft, and afirst indicator disposed on the first main shaft
and being movable together with the first main shaft to
indicate a state of the disconnection function of each of
the first three-position switch and the second three-po-
sition switch; the second auxiliary switch includes: a sec-
ond main shaft, and a second indicator disposed on the
second main shaft and being movable move together
with the second main shaft to indicate a state of the earth-
ing function of each of the first three-position switch and
the second three-position switch. Since the indicators
move synchronously with the main shafts, the earthing
state and disconnection state of the three-position switch
can be accurately indicated by the indicators.

[0035] Inan embodimentaccording to the present dis-
closure, the three-position switch further includes: a first
drive mechanism including a first cam groove and con-
figured to drive the first main shaft to rotate; a second
drive mechanism including a second cam groove and
configured to drive the second main shaft to rotate. The
second cam groove and the first cam groove are config-
ured to move synchronously, and are oriented in such a
way that at the same time, a position of the first cam
groove relative to the first main shaft is different from a
position of the second cam groove relative to the second
main shaft.

[0036] The drive mechanism includes cam grooves
moving simultaneously and oriented differently, the po-
sition of the first cam groove relative to the first main shaft
is different from the position of the second cam groove
relative to the second main shaft at the same time, which
causes the actuation states of the first auxiliary switch
and second aukxiliary switch to be different at the same
time, i.e., only one of the two auxiliary switches can be
in the closed state at the same time.

[0037] Inanembodimentaccording to the present dis-
closure, the first drive mechanism further includes: a first
auxiliary switch drive shaft configured to actuate the first
auxiliary switch; a first gear which is mounted on the first
auxiliary switch drive shaft and on which the first cam
groove is provided; and a first drive link connected be-
tween the first cam groove and the first main shaft and
configured to drive the first main shaft while moving along
the first cam groove; and the second drive mechanism
further comprises: a second auxiliary switch drive shaft
configured to actuate the second auxiliary switch; a sec-
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ond gear which is mounted on the second auxiliary switch
drive shaft and meshes with the first gear and on which
the second cam groove is disposed; and a second drive
link connected between the second cam groove and the
second main shaft and configured to drive the second
main shaft while moving along the second cam groove.
[0038] The rotary motion of the drive shaft can be con-
verted into a motion of the drive link along the cam groove
by allowing the first drive mechanism to include the drive
shaft, the gear with the cam groove and the drive link.
Since the first cam groove and second cam groove are
oriented differently, the first and second drive links have
different movement trajectories, thereby causing differ-
ent actuation results of the first main shaft and second
main shaft.

[0039] Inan embodiment according to the present dis-
closure, each of the first three-position switch and the
second three-position switch may further include: a cen-
tral pivot pin disposed between the first auxiliary switch
drive shaft and the second auxiliary switch drive shaft.
Each of the first drive link and the second drive link in-
cludes: a first link portion having an end pivoting around
the central pivot pin, and a second link portion connected
between the other end of the first link portion and the
main shaft of the corresponding auxiliary switch, wherein
a pin body is disposed in the middle portion of the first
link portion, and moves along the corresponding cam
groove, so that at the same time, a position of the first
drive link relative to the first cam groove is different from
a position of the second drive link relative to the second
cam groove.

[0040] With the pin body being disposed on the drive
link, the drive link can better move following the shape
of the cam groove, thereby better achieving different
movement trajectories of the drive link during the move-
ment, and thereby causing different actuation results of
the first main shaft and the second main shaft.

BRIEF DESCRIPTION OF THE DRAWINGS
[0041]

FIG. 1 is a perspective view illustrating a switch de-
vice integrating two functions according to a conven-
tional design.

FIG. 2 is a perspective view illustrating a switch de-
vice integrating two functions according to an em-
bodiment of the present disclosure.

FIG. 3 is a front view showing the positional relation-
ship between an access cover of each three-position
switch operation mechanism and first and second
operation openings.

FIG. 4 is a side view illustrating a switch device in a
high-voltage switch cabinet according to an embod-
iment of the present disclosure.
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FIG. 5 is a partial perspective view illustrating the
switch device according to the embodiment of the
present disclosure, which shows the positional rela-
tionship between a first interlock unit, a second in-
terlock unit and a circuit breaker.

FIG. 6 is a front view illustrating a part of the switch
device including the first interlock unit, the second
interlock unit and the circuit breaker according to the
embodiment of the present disclosure.

FIG. 7 is a perspective view illustrating a part of the
switch device including the first interlock unit accord-
ing to the embodiment of the present disclosure,
where the circuit breaker is in a closed state, the
access coveris atafirst position and the firstinterlock
unit is in a locked state.

FIG. 8 is a perspective view illustrating a part of the
structure shown in FIG. 7.

FIG. 9is arear perspective view illustrating a portion
of the structure shown in FIG. 7.

FIG. 10 is a perspective view illustrating a part of the
switch device including the second interlock unit ac-
cording to the embodiment of the present disclosure,
wherein the circuit breaker is in a closed state, the
access cover is at a first position, and the second
interlock unit is in a locked state.

FIG. 11 is an enlarged perspective view illustrating
a part of the structure shown in FIG. 10.

FIG. 12 is a perspective view illustrating a second
slider according to an embodiment of the present
disclosure.

FIG. 13 is an enlarged perspective view illustrating
another part of the structure shown in FIG. 10.

FIG. 14 is arear view illustrating the structure shown
in FIG. 13.

FIG. 15 is a perspective view illustrating auxiliary
switches and their drive mechanisms according to
an embodiment of the present disclosure.

FIG. 16 is a perspective view illustrating a part of the
driving mechanism according to the embodiment of
the present disclosure, which shows drive links and
a central pivot pin.

FIG. 17 is a perspective view illustrating a first drive
mechanism according to the embodiment of the

present disclosure.

FIG. 18 is a perspective view illustrating a second
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drive mechanism according to the embodiment of
the present disclosure.

FIG. 19 is a front view illustrating a gear and a cam
groove provided thereon according to the embodi-
ment of the present disclosure.

FIG. 20 is a schematic view illustrating a movement
state in a case where a first auxiliary switch drive
shaft and a second auxiliary switch drive shaft are
respectively actuated.

DETAILED DESCRIPTION OF EMBODIMENTS

[0042] Various embodiments are now described with
reference to the figures, where like reference numerals
are used to designate similar elements throughout the
text. In the following description, for the purpose of illus-
tration, many specific details are set forth to promote thor-
ough understanding of one or more embodiments. How-
ever, it might be very apparent in some or all cases that
any embodiment described below can be practiced with-
out using specific design details described hereunder. In
other instances, well-known structures and devices are
shown in block diagram form to facilitate describing one
or more embodiments. A simplified summary of one or
more embodiments is presented below to provide basic
understanding of the embodiments. This summary is not
an exhaustive overview of all anticipated embodiments,
is not intended to identify key or important elements of
all embodiments, nor is it intended to define the scope
of any or all embodiments.

[0043] Referencesto"anembodiment"or"one embod-
iment" in the framework of the description are intended
to indicate that particular configurations, structures or
characteristics described with respect to the embodiment
are included in at least one embodiment. Therefore,
phrases such as "in an embodiment" or "in one embod-
iment" that may be present at one or more points in the
description do not necessarily refer to the same embod-
iment. In addition, in one or more embodiments, specific
configurations, structures or characteristics may be com-
bined in any suitable manner.

[0044] Unless indicated otherwise, when reference is
made to two elements connected together, this signifies
a direct connection without any intermediate elements
other than conductors, and when reference is made to
two elements coupled together, this signifies that these
two elements can be connected or they can be coupled
via one or more other elements.

[0045] Inthefollowing disclosure, unlessindicated oth-
erwise, when reference is made to absolute positional
qualifiers, such as the terms "front", "back", "top", "bot-
tom", "left", "right", etc., or to relative positional qualifiers,
such as the terms "above", "below", "higher", "lower",
etc., or to qualifiers of orientation, such as "horizontal",
"vertical", etc., reference is made to the orientation shown
in the figures. Unless specified otherwise, the expres-
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sions "around", "approximately", "substantially" and
"about" signify within 10%, and preferably within 5%.
[0046] FIG. 1is a perspective view illustrating a switch
device (e.g., a high voltage switch cabinet) integrating
two functions according to a conventional design. In the
conventional design, a bus coupler 1A and a bus riser
1B are usually connected together in parallel to simulta-
neously provide two functions, e.g., a bus coupling func-
tion and a bus rising function. A three-position switch and
a circuit breaker are disposed in the bus coupler 1A and
the bus riser 1B, respectively, and the interlock between
the three-position switch and the circuit breaker is
achieved in each cabinet. It can be seen from FIG. 1 that
the cabinet according to the conventional design has a
large volume, needs many parts, and exhibits a higher
cost and troublesome installation. In one conventional
design, the cabinet having the bus coupler 1A and bus
riser 1B disposed in parallel has a width of about 1200mm
and a height of about 1300mm.

[0047] FIG.2is a perspective view illustrating a switch
device integrating two functions according to an embod-
iment of the present disclosure. Two different functions,
e.g., a bus coupling function and a bus rising function,
are integrated in the switch device according to the
present disclosure. As shown in FIG. 2, the switch device
100 includes: a three-position switch 50 forimplementing
the bus coupling function; another three-position switch
60 for implementing the bus rising function; and one cir-
cuit breaker 70. In an embodiment, the switch device
according to the present disclosure has a width, which
is half (namely, about 600mm) of the cabinet in the con-
ventional design and a height of about 1315mm. The
switch device according to the present disclosure exhibits
a smaller volume, a simpler and easier installation proc-
ess, a higher reliability and a lower manufacturing and
assembling cost.

[0048] Although itis shown in the figure that the three-
position switch for implementing the bus coupling func-
tion is located above the three-position switch for imple-
menting the bus rising function, the positions of the two
three-position switches in the present disclosure are not
limited thereto. The positions of the two three-position
switches may also be inverted. In other embodiments,
the first three-position switch 50 and the second three-
position switch 60 may also achieve other functions as
required.

[0049] In the present disclosure, the interlock of the
three-position switch and the circuit breaker means: in a
closed state of the circuit breaker 70, a manual operation
of the first three-position switch 50 is blocked, and in an
open state of the circuit breaker 70, a manual closing
operation of the circuit breaker 70 is blocked while the
first three-position switch 50 is manually operated; and
in the closed state of the circuit breaker 70, a manual
operation of the second three-position switch 60 is
blocked, and in the open state of the circuit breaker 70,
the manual closing operation of the circuit breaker 70 is
blocked while the second three-position switch 60 is man-
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ually operated.

[0050] As shown in FIG. 2, the switch device 100 in-
cludes a surface 101 on or near which are provided open-
ings for manual operation of the first three-position switch
50 and the second three-position switch 60, for example,
a first operation opening 61 for performing a disconnec-
tion operation of the three-position switches, and a sec-
ond operation opening 62 for performing an earthing op-
eration of the three-position switches. The user may ob-
serve these operation openings from the outside of the
switch device 100, and may insert an operating tool into
these operation openings. In the case where the opening
61 or 62 is opened, the user may insert the operating tool
through the opening 61 or 62 to perform the disconnec-
tion operation or earthing operation.

[0051] FIG. 3 illustrates the positional relationship be-
tween an access cover of each three-position switch and
the first and second operation openings 61 and 62. The
access cover 6 is a part of first and second three-position
switch operation mechanisms (which will be illustrated
below with reference to FIG. 4). The first and second
operation openings 61 and 62 are provided on a front
cover plate 64 through which a knob 63 extends. The
access cover 6 of each three-position switch is disposed
behind the front cover plate 64 and is connected to the
knob 63. By rotating the knob 63, the access cover 6 may
be rotated so that the access cover 6 can be located at
a first position or a second position. In the first position,
the access cover 6 covers both the first and second op-
eration openings 61 and 62, as shown in the upper view
of FIG. 3, and in the second position, the access cover
6 covers one of the first and second operation openings
61 and 62 and opens the other of the first and second
operation openings 61 and 62, as shown in the left lower
view and right lower view of FIG. 3. As shown in FIG. 3,
at the same time, both the first operation opening 61 and
the second operation opening 62 are closed, or one of
themis opened, so that at one time, the manual operation
of the three-position switches is not permitted, or only
one of the disconnection function and earthing function
of the three-position switches can be implemented.
[0052] FIG.4isaside view illustrating the switch device
100 in a high-voltage switch cabinet according to the em-
bodiment of the present disclosure. FIG. 5 is a partial
perspective view illustrating the switch device 100 ac-
cording to the embodiment of the present disclosure,
which shows the positional relationship between a first
interlock unit 1, a second interlock unit 2 and a circuit
breaker 70. FIG. 6 is a front view illustrating a part of the
switch device 100 including the first interlock unit 1, the
second interlock unit 2 and the circuit breaker 700 ac-
cording to the embodiment of the present disclosure.
[0053] As shown in FIG. 4, the first three-position
switch 50 includes a first three-position switch body por-
tion 50a and a first three-position switch operation mech-
anism 50b which is configured to manually operate the
first three-position switch body portion 50a and disposed
adjacent to the surface 101. The second three-position
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switch 60 includes a second three-position switch body
portion 60a and a second three-position switch operation
mechanism 60b which is configured to manually operate
the second three-position switch body portion 60a and
disposed adjacent to the surface 101. The circuit breaker
70 includes a circuit breaker body portion 70a and a cir-
cuit breaker operation mechanism 70b which is disposed
close to the surface 101. As shown in FIGS. 4-6, the first
interlock unit 1 is located above the circuit breaker 70
and connected to both the circuit breaker 70 and the first
three-position switch 50, and specifically located above
the circuit breaker operation mechanism 70b, and con-
nected to both the circuit breaker operation mechanism
70b and the first three-position switch operation mecha-
nism 50b, thereby achieving the interlock between the
first three-position switch 50 and the circuit breaker 70.
The second interlock unit 2 is located below the circuit
breaker 70 and connected to both the circuit breaker 70
and the second three-position switch 60, and specifically
located below the circuit breaker operation mechanism
70b and connected to both the circuit breaker operation
mechanism 70b and the second three-position switch op-
eration mechanisms 60b to achieve the interlock be-
tween the second three-position switch 60 and the circuit
breaker 70.

[0054] FIG. 7 is a perspective view illustrating a part
of the switch device 100 including adjacent to the first
interlock unit 1 according to the embodiment of the
present disclosure, where the circuit breaker 70 is in a
closed state, the access cover 6 is at a first position and
the first interlock unit 1 is in a locked state. FIG. 8 is a
perspective view illustrating a part of the structure shown
in FIG. 7. FIG. 9 is a rear perspective view illustrating a
portion of the structure shown in FIG. 7.

[0055] As shown in FIGS. 7-9, the circuit breaker 70,
specifically a circuit breaker operation mechanism 70b,
includes a rotatable main shaft 71 which is rotatable in
different directions when the circuit breaker 70 is closed
and opened. As shownin FIGS. 7 and 9, the circuit break-
er 70, specifically a circuit breaker operation mechanism
70b, furtherincludes a closing button 70c and an opening
button 700.

[0056] As shown in FIG. 7, the first interlock unit 1 in-
cludes a first transmission mechanism 3, and a first link-
age mechanism 73 linked with the closing button 70c,
wherein when the firstlinkage mechanism 73 is engaged
by the first transmission mechanism 3, the closing button
70c cannot be pressed. The first transmission mecha-
nism 3 can be switched between a locked position and
areleased position. When the circuit breaker 70 is closed,
the first transmission mechanism 3 is locked to be in the
locked position, so that the access cover 6 cannot be
switched to the second position. When the circuit breaker
70 is opened, the first transmission mechanism 3 is re-
leased to be in the released position. Specifically, the
first transmission mechanism 3 is released by the rotat-
able main shaft 71 so that the access cover 6 may be
switched to the second position. When the access cover
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6 is switched to the second position, the first transmission
mechanism 3 can be actuated to engage the first linkage
mechanism 73, so that the circuit breaker 70 cannot be
closed, thatis, the closing button 70c cannot be pressed.
As shown in FIG. 7, in one embodiment, to lock and re-
lease the first transmission mechanism 3, the rotatable
main shaft 71 may be provided with a first bi-link 72 fixed
thereon. When the circuit breaker 70 is closed, the first
bi-link 72 swings upward. In the closed state as shown
in FIG. 7, the first bi-link 72 is at an upper limit position.
[0057] As shown in FIG. 7, the knob 63 is connected
to a first access cover rotating shaft 8. The access cover
6 is fixedly mounted on the first access cover rotating
shaft 8, and the first access cover rotating shaft 8 is con-
figured to rotate under the actuation of the knob 63, so
that the access cover 6 can be switched between the first
position and the second position. As shown in FIG. 7, the
first transmission mechanism 3 includes a firstlink mech-
anism 5 and a pivotable link 10. The first link mechanism
5 is connected to the first access cover rotating shaft 8
and configured to move synchronously with the first ac-
cess cover rotating shaft 8. The pivotable link 10 is con-
figured to pivot about an axis 10x under the actuation of
the first link mechanism 5 to engage with the first linkage
mechanism 73, so that the circuit breaker 70 cannot be
closed. In order to engage with the first bi-link 72, the first
link mechanism 5 preferably includes a vertical extension
51. When the circuit breaker 70 is closed, the first bi-link
72 swings upward to house the vertical extension 51 be-
tween two links of the first bi-link 72, and when the circuit
breaker70is opened, the first bi-link 72 swings downward
to release the vertical extension 51 therefrom.

[0058] Hereinafter, the first link mechanism 5 accord-
ing to the embodiment of the present disclosure will be
described in detail with reference to the figures. As shown
in FIGS. 7 and 8, the first link mechanism 5 includes a
lever 9, a first fixed pin 11 fixedly disposed in the switch
device 100, and a first slider 7. A first end of the lever 9
is fixedly connected to the access cover rotating shaft 8,
and a second end of the lever 9 is received by the first
slider 7. The vertical extension 51 is preferably provided
on the first slider 7. As shown in FIGS. 7 and 8, the first
slider 7 further includes an elongated slot 7s1 and a V-
shaped slot 7s2. The first fixed pin 11 is located in the
elongated slot 7s1, and the first end 101 of the pivotable
link 10 engages with the V-shaped slot 7s2.

[0059] As shown in FIGS. 7 and 8, when the circuit
breaker 70 is closed, the first bi-link 72 swings upward
to house the vertical extension 51 between the two links
of the first bi-link 72, so that at this time, the first slider 7
cannot slide along the first fixed pin 11 and at this time
the first fixed pin 11 is substantively located in the middle
of the elongated slot 7s1, and then the lever 9 cannot
swing, so the access cover rotating shaft 8 cannot rotate,
that is, the access cover 6 cannot be switched to the
second position at this time. In addition, at this moment,
the first end 101 of the pivotable link 10 is substantively
located in the middle of the V-shaped slot 7s2, and a
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second end 102 of the pivotable link 10 is not engaged
with the first linkage mechanism 73.

[0060] When the circuit breaker 70 is opened, the first
bi-link 72 swings downward to release the vertical exten-
sion 51, thereby releasing the first slider 7, the lever 9
and the access cover rotating shaft 8. At this time, the
user can rotate the access cover rotating shaft 8 by ro-
tating the knob 63 to switch the access cover 6 to the
second position, so that the lever 9 swings and in turn
the first slider 7 slides along the first fixed pin 11 such
that the end of the elongated slot 7s1 comes into contact
with the first fixed pin 11, and the end of the V-shaped
slot 7s2 comes into contact with the first end 101 of the
pivotable link 10 and is actuated by the end of the V-
shaped slot 7s2 so as to pivot the second end 102 of the
pivotable link 10 to engage with the first linkage mecha-
nism 73. At this time, since the first linkage mechanism
73 is engaged by the pivotable link 10, the closing button
70c cannot be pressed.

[0061] FIG. 10 is a perspective view illustrating a part
of the switch device 100 including the second interlock
unit 2 according to the embodiment of the present dis-
closure, wherein the circuitbreaker 70 is in a closed state,
the access cover 6 is at the first position, and the second
interlock unit 2 is in a locked state. FIG. 11 is an enlarged
perspective view illustrating a part of the structure shown
in FIG. 10. FIG. 12 is a perspective view illustrating a
second slider according to the embodiment of the present
disclosure. FIG. 13 is an enlarged perspective view illus-
trating another part of the structure shown in FIG. 10.
FIG. 14 is a rear view illustrating the structure shown in
FIG. 13.

[0062] As shown in FIGS. 10 and 13, the knob 63 is
connected to the second access cover rotating shaft 81.
The access cover 6 of the second three-position switch
60 (specifically, the second three-position switch opera-
tion mechanism 60b) is fixedly mounted on the second
access cover rotating shaft 81, and the second access
cover rotating shaft 81 is configured to rotate under ac-
tuation of the knob 63, so that the access cover 6 can be
switched between the first position and the second posi-
tion. As shown in Fig. 10, the second interlock unit 2
includes a second transmission mechanism 4 and a sec-
ond linkage mechanism 75 linked with the closing button
70c. When the second linkage mechanism 75 is actuat-
ed, it can be rotated to actuate a member 76 so that the
closing button 70c cannot be pressed and the circuit
breaker 70 cannot be closed. The second transmission
mechanism 4 can be switched between the locked posi-
tion and the released position. When the circuit breaker
70 is closed, the second transmission mechanism 4 is
locked to be at the locked position, so that the access
cover 6 cannot be switched to the second position. When
the switch 70 is opened, the second transmission mech-
anism 4 is released to be at the released position. Spe-
cifically, the second transmission mechanism 4 is re-
leased by the rotatable main shaft 71 so that the access
cover 6 can be switched to the second position. When
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the access cover 6 is switched to the second position,
the second transmission mechanism 4 can be actuated
to engage the second linkage mechanism 75 so that the
circuit breaker 70 cannot be closed, that is, the closing
button 70c cannot be pressed.

[0063] As shown in FIGS. 10 and 11, in one embodi-
ment, in order to lock and release the second transmis-
sion mechanism 4, the rotatable main shaft 71 may be
provided with a second bi-link 74 fixed thereon, which is
spaced apart from the first bi-link 72. Although in the il-
lustrated embodiment, the second bi-link 74 is closer to
the end of the main shaft 71, the positions of the second
by-link 74 and first bi-link 72 can vary with actual design
needs. When the circuit breaker 70 is closed, the second
bi-link 74 swings downward, whereas when the circuit
breaker 70 is opened, the second bi-link 74 swings up-
ward. In the closed state as shown in FIGS. 10 and 11,
the second bi-link 74 is at the lower limit position.
[0064] As shown in FIG. 10, the second transmission
mechanism 4 of the second interlock unit 2 includes a
pull wire 18, which is connected to the second access
cover rotating shaft 81 and configured to be pulled down
under the rotation actuation of the second access cover
rotating shaft 81. In the embodiment according to the
present disclosure, when the second access cover rotat-
ing shaft 81 is rotated clockwise or counterclockwise, the
pull wire 18 will be pulled down, which will be described
in detail below. The second transmission mechanism 4
further includes a second link mechanism which is con-
nected to the pull wire 18 and configured to move in the
vertical direction. Specifically, when the pull wire 18 is
pulled downward, the second link mechanism can move
in the vertical direction.

[0065] Hereinafter, the connection manner of the pull
wire 18 and other parts will be described in detail with
reference to FIGS. 13 and 14. As shown in FIGS. 13 and
14, the pull wire 18 is fixed to a sliding plate 22 which
can slide horizontally along the fixed pin 22p. The sliding
plate 22 is provided with a slit to accommodate the pin
24. The pin 24 is located at one end of a toggle lever 23,
the other end of the toggle lever 23 is engaged with the
lever 91, and the toggle lever 23 can pivot around a pivot
pin 23p. As shown in FIGS. 13 and 14, the lever 91 is
fixedly engaged with the second access cover rotating
shaft 81, so when the second access cover rotating shaft
81 rotates, the lever 91 is driven to swing. As shown in
FIG. 14, when the lever 19 swings clockwise, it engages
a protrusion of the sliding plate 22 to drive the sliding
plate 22 to move to the left, thereby pulling the pull wire
18 downward. As shown in FIG. 14, when the lever 19
swings counterclockwise, it engages an upper end of the
toggle lever 23, thereby driving the pin 24 to move to the
left. Since the pin 24 is accommodated in the slit of the
sliding plate 22, the pin 24 can drive the sliding plate 22
to move to the left, so that the pull wire 18 is also pulled
down in this case.

[0066] The structure of the second link mechanism of
the second transmission mechanism 4 will be described
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in detail below with reference to FIG. 10. As shown in
FIG. 10, the second link mechanism includes a first por-
tion 25, a second portion 17 and a third portion 16, and
the first portion 25 and the third portion 16 are respec-
tively connected to both ends of the second portion 17.
The second portion 17 is configured to pivot around a
second fixed pin 17p at the middle thereof, so that the
first portion 25 and the third portion 16 are simultaneously
locked, or such that when one of the first portion 25 and
the third portion 16 moves upward, the other moves
downward. The third portion 16 includes a slot 16s, and
the slot 16s accommodates a third fixed pin 16p so that
the third portion 16 can slide up and down along the third
fixed pin 16p. The first portion 25 includes a vertical plate
20 and a second slider 21. A lower end of the vertical
plate 20 is connected to an end of the second portion 17
opposite to the third portion 16 and is coupled to the pull
wire 18. The second slider 21 is connected to an upper
end of the vertical plate 20, and a groove 21s is provided
at the upper end of the second slider 21. Preferably, the
second part 23 further includes a pivotrod 19 which pivots
around a fourth fixed pin 19p, so that when the second
part 23 moves up and down, the pivot rod 19 pivots
around the fourth fixed pin 19p.

[0067] As shown in FIG. 10, when the circuit breaker
70 is closed, the second bi-link 74 is moved to a lower
limit position, thereby engaging the upper end of the third
portion 16, and the upper end of the slot 16s engages
with the third fixed pin 16p to restrict the movement of
the third portion 16 in the vertical direction. At this time,
the third portion 16 on the left side of the second portion
17 cannot move up and down, and the first portion 25 on
the right side of the second portion 17 cannot move up
and down either. In this case, the pull wire 18 cannot be
pulled down. When the circuit breaker 70 is opened, the
second bi-link 74 is moved to the upper limit position to
release the upper end of the third portion 16 so that the
third portion 16 may move up and down, whereupon the
first portion 25 may also move up and down. At this time,
the user may rotate the knob 63 to actuate the second
access cover rotating shaft 81 to actuate the access cov-
er 6 to the second position. At this time, whatever direc-
tion the lever 91 swings, it will cause the pull wire 18 to
be pulled downwards, thereby driving the first portion 25
to be pulled downwards. At this time, the upper end of
the groove 21s of the second slider 21 of the first portion
25 can engage the second linkage mechanism 75. In the
case where the second linkage mechanism 75 is en-
gaged, it actuates the member 76 so that the closing
button 70c cannot be pressed and the circuit breaker 70
cannot be closed. Preferably, at an end of a downward
movement stroke of the first portion 25, the first portion
25 engages the second linkage mechanism 75 through
the upper end of the groove 21s.

[0068] As shownin FIG. 12, a return spring 211 is dis-
posed on the second slider 21. In a state in which the
pull wire 18 is not pulled, the return spring 211 in the
second slider 21 returns the groove 21s to a state in which
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the groove 21s does not engage the second linkage
mechanism 75, thereby releasing the second linkage
mechanism 75.

[0069] The three-position switches 50 and 60 are usu-
ally provided with auxiliary switches, respectively, which
are main components of the three-position switch oper-
ation mechanisms 50b and 60b to implement disconnec-
tion opening/ closing function or earthing opening/closing
function of the three-position switches. In the convention-
al design, a drive device for the auxiliary switch is usually
complicated and it is difficult for the drive device to control
the auxiliary switch precisely and reliably. There are usu-
ally many components in the mechanical transmission
system of the drive device. This increases the cost and
difficulty in mounting. Due to the poor synchronization
effect between the auxiliary switch and the drive device,
the auxiliary switch usually cannot reach a precise posi-
tion.

[0070] FIG. 15 is a perspective view illustrating auxil-
iary switches 31, 32 and their drive mechanisms 31a,
32a according to an embodiment of the present disclo-
sure. FIG. 16 is a perspective view illustrating a part of
driving mechanisms 31a, 32a according to the embodi-
ment of the present disclosure, which shows drive links
91, 92 and a central pivot pin 9p. FIG. 17 is a perspective
view illustrating a first drive mechanism 31a according
to an embodiment of the present disclosure. FIG. 18 is
aperspective view illustrating a second drive mechanism
32a according to an embodiment of the present disclo-
sure. FIG. 19is a front view illustrating a gear and a cam
groove provided thereon according to an embodiment of
the present disclosure. FIG. 20 is a schematic view illus-
trating a movement state in a case where a first auxiliary
switch drive shaft 31d and a second auxiliary switch drive
shaft 32d are respectively actuated.

[0071] AsshowninFIG. 15, the first and second three-
position switches 50 and 60, specifically the first and sec-
ond three-position switch operation mechanisms 50b
and 60b, include a first auxiliary switch 31 and a second
auxiliary switch 32, respectively. The first auxiliary switch
31 is used to implement the disconnection function, spe-
cifically, to implement an ON/OFF function of a second-
ary signal of a disconnection switch, whereas the second
auxiliary switch 32 is used to implement the earthing func-
tion, specifically, to implement an ON/OFF function of a
secondary signal of an earthing switch. When one of the
first auxiliary switch 31 and the second auxiliary switch
32isinthe open state, the other of the first auxiliary switch
31 and the second auxiliary switch 32 is in the closed
state. The first auxiliary switch 31 includes: a first main
shaft 31s and a first indicator 41. The first indicator 41 is
disposed on the first main shaft 31s and can move to-
gether with the first main shaft 31s, so as to indicate a
state of the disconnection function of each of the first
three-position switch 50 and the second three-position
switch 60. The second auxiliary switch 32 includes: a
second main shaft 32s and a second indicator 42. The
second indicator 42 is disposed on the second main shaft
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32s and can move together with the second main shaft
32s, so as to indicate a state of the earthing function of
each of the first three-position switch 50 and the second
three-position switch 60.

[0072] The drive mechanisms 31a and 32a of the aux-
iliary switches 31 and 32 inthe embodiment of the present
disclosure can be well synchronized with the indicators
41 and 42 to accurately indicate the disconnection state
and the earthing state of the three-position switches. As
shown in FIG. 15, the first drive mechanism 31a of the
first auxiliary switch 31 includes: a first auxiliary switch
drive shaft 31d, a first gear 31g and a first drive link 91.
The first auxiliary switch drive shaft 31d is configured to
be manually driven or driven by a motor, thereby actuat-
ing the first auxiliary switch 31. The first gear 31g is
mounted on the first auxiliary switch drive shaft 31d, and
is provided with a first cam groove 81. The first drive link
91 is connected between the first cam groove 81 and the
first main shaft 31s, and is configured to drive the first
main shaft 31s while moving along the first cam groove
81. The second drive mechanism 32a of the second aux-
iliary switch 32 includes a second auxiliary switch drive
shaft 32d, a second gear 32g and a second drive link 92.
The second auxiliary switch drive shaft 32d is configured
to be manually driven or driven by a motor, thereby ac-
tuating the second auxiliary switch 32. The second gear
32g is mounted on the second auxiliary switch drive shaft
32d, and is provided with a second cam groove 82. The
second drive link 92 is connected between the second
cam groove 82 and the second main shaft 32s, and is
configured to drive the second main shaft 32s while mov-
ing along the second cam groove 82. The first gear 31g
meshes with the second gear 32g, so that when one of
them is driven, the other rotates in an opposite direction.
The positions of the first and second drive shafts 31d and
32d correspond to the positions of the first operation
opening 61 and the second operation opening 62, re-
spectively, so that the user may insert an operation tool
into the first operation opening 61 and the second oper-
ation opening 62 to manually actuate the drive shafts 31d
and 32d, respectively. In an alternative embodiment, the
drive shafts 31d and 32d may be mounted to the motor
so as to be driven to rotate by the motor. As only one of
the first operation opening 61 and the second operation
opening 62 is opened at the same time, only one of the
first auxiliary switch drive shaft 31d and the second aux-
iliary switch drive shaft 32d can be rotated at a time.
[0073] As shown in FIGS. 15 and 16, the central pivot
pin 9p is disposed between the first auxiliary switch drive
shaft 31d and the second auxiliary switch drive shaft 32d,
for example, disposed on a plate through which both the
first auxiliary switch drive shaft 31d and the second aux-
iliary switch drive shaft 32d extend. As shown in FIG. 15,
the central pivot pin 9p is disposed below the middle por-
tion of a connection line of the first auxiliary switch drive
shaft 31d and the second auxiliary switch drive shaft 32d.
As shown in FIGS. 15 and 16, the first drive link 91 in-
cludes: afirst link portion 911, a second link portion 912
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and a pin body 911p disposed in the middle of the first
link portion 911. One end of the firstlink portion 911 pivots
about the central pivot pin 9p. The second link portion
912 is connected between the other end of the first link
portion 911 and the first main shaft 31s of the first auxiliary
switch 31. The second drive link 92 includes: a first link
portion 921, a second link portion 922 and a pin body
921p disposed in the middle of the first link portion 921.
One end of the first link portion 911 pivots around the
central pivot pin 9p. The second link portion 922 is con-
nected between the other end of the first link portion 921
and the second main shaft 32s of the second auxiliary
switch 32. As shown in FIG. 16, the pin body 911p moves
along the first cam groove 81. As shown in FIG. 17, the
pin body 921p moves along the second cam groove 82.
[0074] As shown in FIG. 19, the first cam groove 81
and the second cam groove 82 have the same shape,
but they are oriented or positioned differently relative to
the respective gears 31g and 32g. For example, the first
cam groove 81 includes a circular arc portion 81a and a
bent portion 81b, and the second cam groove 82 also
includes a circular arc portion 82a and a bent portion 82b.
At the time shown in FIG. 19, the circular arc portion 81a
of the first cam groove 81 is closer to the middle of the
first gear 31gin the vertical direction, and the bent portion
81b is closer to a lower portion of the first gear 31gin the
vertical direction, whereas the circular arc portion 82a of
the second cam groove 82 is closer to a lower portion of
the second gear 32g in the vertical direction, and the bent
portion 82b is closer to the middle of the second gear
329 in the vertical direction. The first gear 31g and the
second gear 32g mesh with each other to move synchro-
nously, so that the first cam groove 81 and the second
cam groove 82 also move synchronously. Since the first
cam groove 81 and the second cam groove 82 are ori-
ented differently, the position of the pin 911p relative to
the first cam groove 81 and the position of the pin 921p
relative to the second cam groove 82 are different at the
same time. Therefore, during the movement, since the
links 91 and 92 with the pin 911p and the pin 921p act
to drive the first main shaft 31s and the second main shaft
32s, the position of the first cam groove 81 relative to the
first main shaft 31s and the position of the second cam
groove 82 relative to the second main shaft 32s are dif-
ferent at the same time.

[0075] The movementprocess will be described below
in more detail with reference to FIG. 20. As shown on the
left side of Fig. 20, the first auxiliary switch drive shaft
31d is actuated, for example, manually actuated or ac-
tuated by a motor to rotate clockwise, then the first gear
319 rotates clockwise, and the second gear 329 rotates
counterclockwise at this time. In the movement process,
the pin 911p moves counterclockwise along the bent por-
tion 81b of the first cam groove 81, and the pin 921p
moves clockwise along the circular arc portion 82a of the
second cam groove 82. Upon completion of the move-
ment process, as shown in the left lower view of FIG. 20,
for example, the pin 911p moves in the counterclockwise
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direction to the right side of the bent portion 81b, and the
pin 921p moves in the clockwise direction to the left side
of the arc portion 82a. Then, at this time, the first indicator
41 will be converted while the second indicator 42 will
remain not converted. At this time, the first indicator 41
can accurately and synchronously indicate that the first
auxiliary switch drive shaft 31d is driven, and the discon-
nection function of the three-position switch is operated.
In other words, precise synchronization is achieved be-
tween the first auxiliary switch 31 and the first drive mech-
anism 31a.

[0076] Furthermore, as shown on the right side of FIG.
20, the second auxiliary switch drive shaft 32d is actuat-
ed, for example, manually actuated or actuated by a mo-
tor to rotate clockwise, whereupon the second gear 32g
rotates clockwise, and the first gear 31g rotates counter-
clockwise. Inthe movement process, the pin 921p moves
counterclockwise along the bent portion 82b of the sec-
ond cam groove 82, and the pin 911p moves clockwise
along the circular arc portion 81a of the first cam groove
81. Upon completion of the movement process, as shown
in the right lower view of FIG. 20, for example, the pin
921p moves in the clockwise direction to the right side
of the bent portion 82b, and the pin 911p moves in the
counterclockwise direction to the left side of the circular
arc portion 81a. At this time, the second indicator 42 will
be converted, whereas the first indicator 41 will remain
not converted. At this time, the second indicator 42 can
accurately and synchronously indicate that the second
auxiliary switch drive shaft 32d is driven, and the earthing
function of the three-position switch is operated. In other
words, precise synchronization is achieved between the
second auxiliary switch 32 and the second drive mech-
anism 32a.

[0077] Withoutprejudice to the basic principles, details
and embodiments can vary relative to the content de-
scribed only by way of examples, or even vary signifi-
cantly, without departing from the scope of protection.
[0078] The various embodiments described above can
be combined to provide further embodiments. Aspects
of the embodiments can be modified, if necessary to em-
ploy concepts of the various patents, applications and
publications to provide yet further embodiments.

[0079] These and other changes can be made to the
embodiments based on the above detailed description.
In general, in the following claims, the terms used should
not be construed to limit the invention to the specific em-
bodiments disclosed in the specification and the claims,
but should be construed as all the scope including all
possible embodiments and equivalents endowing the
claims. Hence, the claims are not limited by the disclosed
content.

Claims

1. A switch device (100), comprising:
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a first three-position switch (50);

a second three-position switch (60) disposed
below the first three-position switch (50);

a circuit breaker (70) disposed between and
coupled tothefirst three-position switch (50) and
the second three-position switch (60);
afirstinterlock unit (1) disposed above the circuit
breaker (70) and coupled to the circuit breaker
(70) and the first three-position switch (50), and
configured to block a manual operation of the
first three-position switch (50) in a closed state
of the circuit breaker (70), and configured to
block a manual closing operation of the circuit
breaker (70) while the first three-position switch
(50) is manually operated in an open state of the
circuit breaker (70); and

a second interlock unit (2) disposed below the
circuit breaker (70) and coupled to the circuit
breaker (70) and the second three-position
switch (60), and configured to block a manual
operation of the second three-position switch
(60) in the closed state of the circuit breaker (70),
and configured to block a manual closing oper-
ation of the circuit breaker (70) while the second
three-position switch (60) is manually operated
in the open state of the circuit breaker (70).

The switch device (100) according to claim 1, where-
in the first three-position switch (50) is configured to
implement bus coupling, and

the second three-position switch (60) is configured
to implement bus rising.

The switch device (100) according to claim 1 or 2,
wherein the first interlock unit (1) and the second
interlock unit(2) are respectively configured to switch
between a locked position and a released position,
wherein at the locked position, the manual operation
of the first three-position switch (50) and the second
three-position switch (60) is not allowed, and at the
released position, the manual operation of the first
three-position switch (50) and the second three-po-
sition switch (60) is allowed, and

the circuit breaker (70) comprises a rotatable main
shaft (71),

the first interlock unit (1) and the second interlock
unit (2) are each selectively engaged with the rotat-
able main shaft(71), and are respectively configured
to:

when the circuit breaker (70) is closed, the first
interlock unit (1) and the second interlock unit
(2) are locked by the rotatable main shaft (71)
to be at the locked position to block the manual
operation of the first three-position switch (50)
and the second three-position switch (60), and
when the circuit breaker (70) is opened, the first
interlock unit (1) and the second interlock unit
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(2) are released by the rotatable main shaft (71)
tobe atthe released position to allow the manual
operation of the first three-position switch (50)
and the second three-position switch (60)
wherein preferably each of the first three-posi-
tion switch (50) and the second three-position
switch (60) comprises:

a first operation opening (61) configured to per-
mit manual implementation of a disconnection
operation;

a second operation opening (62) configured to
permit manual implementation of an earthing
operation; and

an access cover (6) configured to be capable of
being actuated to switch between a first position
and a second position, where at the first position,
the access cover (6) covers both the first oper-
ation opening (61) and the second operation
opening (62), and at the second position, the
access cover (6) opens one of the first operation
opening (61) and the second operation opening
(62).

The switch device (100) according to claim 3, where-
in

the first interlock unit (1) comprises a first transmis-
sion mechanism (3),

the second interlock unit (2) comprises a second
transmission mechanism (4), and

the first transmission mechanism (3) and the second
transmission mechanism (4) are connected to the
corresponding access cover (6) and capable of mov-
ing synchronously with the corresponding access
cover (6),

the first transmission mechanism (3) and the second
transmission mechanism (4) are respectively config-
ured to:

be locked when the circuit breaker (70) is closed,
so that the access cover (6) cannot be switched
to the second position; and

be released when the circuit breaker (70) is
opened, and be actuated while the access cover
(6) is switched to the second position, so that
the circuit breaker (70) cannot be closed,
wherein preferably:

the first three-position switch (50) further comprises
a first access cover rotating shaft (8), the access
cover (6) of the first three-position switch (50) is fix-
edly mounted on the first access cover rotating shaft
(8), and the first access cover rotating shaft (8) is
configured to be capable of being rotated so that the
access cover (6) of the first three-position switch (50)
is switched between the first position and the second
position, and

the first transmission mechanism (3) of the first in-
terlock unit (1) comprises:
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a first link mechanism (5) coupled to the first
access cover rotating shaft (8) and including a
vertical extension (51), and configured to move
synchronously with the first access cover rotat-
ing shaft (8); and

a pivotable link (10) configured to be capable of
pivoting about an axis (10x) under actuation of
the first link mechanism (5).

The switch device (100) according to claim 4, where-
inafirstbi-link (72)is fixedly provided on the rotatable
main shaft (71), and the first bi-link (72) comprises
two links spaced apart from each other by a certain
space,

wherein the first bi-link (72) is configured to:

limit the vertical extension (51) between the two
links when the circuit breaker (70) is closed, so
that the first link mechanism (5) cannot move,
and thus the access cover (6) of the first three-
position switch (50) cannot be switched to the
second position, and

release the vertical extension (51) when the cir-
cuit breaker (70) is opened, so that the access
cover (6) of the first three-position switch (50)
can be moved to the second position and the
first link mechanism (5) can move to actuate the
pivotable link (10) to pivot about the axis (10x),
wherein preferably:

the circuit breaker (70) comprises a closing
button (70c), and

the first interlock unit (1) further comprises
a first linkage mechanism (73) linked with
the closing button (70c), and the firstlinkage
mechanism (73) is configured to be capable
of being engaged with the pivotable link (10)
when the circuit breaker (70) is opened, so
that the closing button (70c) cannot be
pressed.

6. The switch device (100) according to claim 5, where-

in the first link mechanism (5) comprises:

a lever (9) having a first end fixedly coupled to
the access cover rotating shaft (8) to swing un-
der the rotation actuation of the access cover
rotating shaft (8);

afirstfixed pin (11)fixedly disposed in the switch
device (100); and

a first slider (7) supported by the first fixed pin
(11) and including the vertical extension (51),
the first slider (7) accommodating a second end
of the lever (9) and configured to slide horizon-
tally along the first fixed pin (11) as the lever (9)
swings,

wherein preferably:
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the first slider (7) comprises an elongated
slot (7s1) and a V-shaped slot (7s2), and
the first fixed pin (11) is located in the elon-
gated slot (7s1), and a first end (101) of the
pivotable link (10) is engaged with the V-
shaped slot (7s2),

when the access cover (6) of the first three-
position switch (50) is at the first position,
the first fixed pin (11) is located in the middle
portion of the elongated slot (7s1), and the
first end (101) of the pivotable link (10) is
located in the middle portion of the V-
shaped slot (7s2), and the second end (102)
ofthe pivotable link (10) is not engaged with
the first linkage mechanism (73),

when the access cover (6) of the first three-
position switch (50) is at the second posi-
tion, the first fixed pin (11) is located at an
end of the elongated slot (7s1), and the first
end (101) of the pivotable link (10) is located
at an end of the V-shaped slot (7s2) and is
actuated by the end of the V-shaped slot
(7s2) to pivot the second end (102) of the
pivotable link (10) into engagement with the
first linkage mechanism (73).

The switch device (100) according to claim 5 or 6,
wherein

the second three-position switch (60) further com-
prises a second access cover rotating shaft (81), the
access cover (6) of the second three-position switch
(60) is fixedly mounted on the second access cover
rotating shaft (81), and the second access cover ro-
tating shaft (8) is configured to be capable of being
rotated so that the access cover (6) of the second
three-position switch (60) is switchable between the
first position and the second position;

the second transmission mechanism (4) of the sec-
ond interlock unit (2) comprises:

a pull wire (18) coupled to the second access
cover rotating shaft (81) and configured to be
pulled down under the rotation actuation of the
second access cover rotating shaft (81), and
asecond link mechanism coupled to the pull wire
(18) and configured to be movable in the vertical
direction,

wherein preferably:

a second bi-link (74) is fixedly provided on
the rotatable main shaft (71), and the sec-
ond bi-link (74) is spaced apart from the first
bi-link (72), and

wherein the second bi-link (74) is configured
to:

when the circuit breaker (70) is closed,
engage with and lock the second link
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mechanism so that it cannot move ver-
tically, so that the pull wire (18) cannot
be pulled down and the access cover
(6) of the second three-position switch
(60) cannot be switched to the second
position; and

when the circuit breaker (70) is opened,
release the second link mechanism so
that the access cover (6) of the second
three-position switch (60) can move to
the second position, and the second
link mechanism can move.

The switch device (100) according to claim 7, where-
in the circuit breaker (70) comprises a closing button
(70c), and

the second interlock unit (2) further comprises a sec-
ond linkage mechanism (75) linked with the closing
button (70c), and the second linkage mechanism
(75) is configured to be engaged with the second link
mechanism when the circuit breaker (70) is opened
so that the closing button (70c) cannot be pressed,
wherein preferably:

the second link mechanism comprises a first
portion (25), a second portion (17) and a third
portion (16), and the first portion (25) and the
third portion (16) are respectively connected to
both ends of the second portion (17),

the second portion (17) is configured to pivot
around a second fixed pin (17p) at the middle
thereof, so that the first portion (25) and the third
portion (16) are simultaneously locked, or so that
when one of the first portion (25) and the third
portion (16) moves upward, the other one moves
downward, and

the third portion (16) is configured to:

be locked when the circuit breaker (70) is
closed so that the first portion (25) is also
locked, and

be released when the circuit breaker (70) is
opened, so that the first portion (25) can
move in a direction opposite to the third por-
tion.

The switch device (100) according to claim 8, where-
in

the third portion (16) comprises a slot (16s), and the
slot (16s) accommodates a third fixed pin (16p) so
thatthe third portion (16) can slide up and down along
the third fixed pin (16p),

when the circuit breaker (70) is closed to cause the
second bi-link (74) to move upward, the second bi-
link (74) is engaged with an upper end of the third
portion (16), and an upper end of the slot (16s) is
engaged with the third fixed pin (16p) to limit move-
ment of the third portion (16) in the vertical direction,
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when the circuit breaker (70) is opened to cause the
second bi-link (74) to move upwards, the second bi-
link (74) releases the upper end of the third portion
(16) so that the first portion (25) can move downward
under the pull of the pull wire (18), and meanwhile
the third portion (16) can move upward.

The switch device (100) according to claim 8 or 9,
wherein the first portion (25) comprises:

a vertical plate (20) having a lower end coupled
to an end of the second portion (17) opposite to
the third portion (16) and coupled to the pull wire
(18), and

a second slider (21) coupled to an upper end of
the vertical plate (20) and having an upper end
provided with a groove (21s);

at an end of a downward movement stroke of
the first portion (25), the first portion (25) is en-
gaged with the second linkage mechanism (75)
through an upper end of the groove (21s).

The switch device (100) according to any of the pre-
ceding claims, wherein each of the first three-posi-
tion switch (50) and the second three-position switch
(60) comprises:

a first auxiliary switch (31) for implementing a
disconnection function;

a second auxiliary switch (32) for implementing
an earthing function;

wherein when one of the first auxiliary switch
(31) and the second auxiliary switch (32) is in
an open state, the other one of the first auxiliary
switch (31) and the second auxiliary switch (32)
is in a closed state.

The switch device (100) according to claim 11,
wherein
the first auxiliary switch (31) comprises:

a first main shaft (31s), and

a first indicator (41) disposed on the first main
shaft (31s) and being movable together with the
first main shaft (31s) to indicate a state of the
disconnection function of each of the first three-
position switch (50) and the second three-posi-
tion switch (60);

the second auxiliary switch (32) comprises:

a second main shaft (32s), and

a second indicator (42) disposed on the second
main shaft (32s) and being movable together
with the second main shaft (32s) to indicate a
state of the earthing function of each of the first
three-position switch (50) and the second three-
position switch (60).
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13. The switch device (100) according to claim 11 or 12,
further comprising:

a first drive mechanism (31a) including a first
cam groove (81) and configured to drive the first
main shaft (31s) to rotate;

a second drive mechanism (32a) including a
second cam groove (82) and configured to drive
the second main shaft (32s) to rotate;

wherein the second cam groove (82) and the
first cam groove (81) are configured to move
synchronously, and are oriented in such a way
that at the same time, a position of the first cam
groove (81) relative to the first main shaft (31s)
is different from a position of the second cam
groove (82) relative to the second main shaft
(32s).

14. The switch device (100) according to claim 13,
wherein
the first drive mechanism (31a) further comprises:

a first auxiliary switch drive shaft (31d) config-
ured to actuate the first auxiliary switch (31);

a first gear (31g) which is mounted on the first
auxiliary switch drive shaft (31d) and on which
the first cam groove (81) is provided; and

a first drive link (91) coupled between the first
cam groove (81) and the first main shaft (31s)
and configured to drive the first main shaft (31s)
while moving along the first cam groove (81);
and

the second drive mechanism (32a) further compris-

es:

a second auxiliary switch drive shaft (32d) con-
figured to actuate the second auxiliary switch
(32);

a second gear (32g) which is mounted on the
second auxiliary switch drive shaft (32d) and
meshes with the first gear (31g) and on which
the second cam groove (82) is provided; and

a second drive link (92) coupled between the
second cam groove (82) and the second main
shaft (32s) and configured to drive the second
main shaft (32s) while moving along the second
cam groove (82).

15. The switch device (100) according to claim 13 or 14,
wherein

each of the first three-position switch (50) and
the second three-position switch (60) further
comprises:

a central pivot pin (9p) disposed between the
first auxiliary switch drive shaft (31d) and the
second auxiliary switch drive shaft (32d);
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each of the first drive link (91) and the second
drive link (92) comprises:

a first link portion (911, 912) having an end
pivoting around the central pivot pin (9p),
and

a second link portion (912, 922) connected
between the other end of the firstlink portion
(911, 921) and the main shaft of the corre-
sponding auxiliary switch,

wherein a pin body (911p, 921p)is disposed
in the middle portion of the first link portion
(911, 912), and moves along the corre-
sponding cam groove, so that at the same
time, a position of the first drive link (91)
relative to the first cam groove (81) is differ-
ent from a position of the second drive link
(92) relative to the second cam groove (82).



EP 4 006 936 A1

FIG. 1

17



EP 4 006 936 A1

62

100

50/50a-

70/70a-

60/60a-

—

- ——50/50b

1
~—70/70b

—2

L——60/60b

FIG. 4

18




EP 4 006 936 A1

FIG. 5

19



EP 4 006 936 A1

50b —

41

74 —

16

17~

60b —

FIG. 6

20



EP 4 006 936 A1

FIG. 7

21



EP 4 006 936 A1

101
10

10X\ /3,_/102

T 78
71\ |
= - @ O
[ |

70c \\)"b_ I \ ) = 700

e W — T
/i

76

22



EP 4 006 936 A1

23



EP 4 006 936 A1

FI1G. 12

24



EP 4 006 936 A1

FIG. 14

25



EP 4 006 936 A1

329

32d

42
FIG. 15

FIG. 16

26



EP 4 006 936 A1

FIG. 17

27



EP 4 006 936 A1

FIG. 19

28



EP 4 006 936 A1

FIG. 20

29



10

15

20

25

30

35

40

45

50

55

EP 4 006 936 A1

des

Européisches
Patentamt
European
Patent Office
Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 21 15 5766

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
A US 20037112574 Al (INAMI YOSHIAKI [JP] ET |1 INV.
AL) 19 June 2003 (2003-06-19) HO1H9/26
* paragraphs [0043] - [0048]; figures 3,7
*
A EP 2 172 956 A2 (SCHNEIDER ELECTRIC IND 1
SAS [FR]) 7 April 2010 (2010-04-07)
* paragraphs [0035] - [0043]; figures *
A EP 3 389 066 Al (LSIS CO LTD [KR]) 1
17 October 2018 (2018-10-17)
* paragraphs [0023] - [0030]; figure 1 *
TECHNICAL FIELDS
SEARCHED (IPC)
HO1H
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 13 August 2021 Findeli, Luc
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date

Y : particularly relevant if combined with another
document of the same category
A : technological background

O:non

D : document cited in the application
L : document cited for other reasons

-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

30




EP 4 006 936 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 21 15 5766

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

13-08-2021
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2003112574 Al 19-06-2003 CN 1426144 A 25-06-2003
CN 1681057 A 12-10-2005
JP 4130735 B2 06-08-2008
JP 2003189427 A 04-07-2003
KR 20030051278 A 25-06-2003
W 1248246 B 21-01-2006
US 2003112574 Al 19-06-2003
US 2005201028 Al 15-09-2005
EP 2172956 A2 07-04-2010 CN 101714474 A 26-05-2010
EP 2172956 A2 07-04-2010
ES 2400985 T3 16-04-2013
EP 3389066 Al 17-10-2018 CN 108695086 A 23-10-2018
EP 3389066 Al 17-10-2018
KR 20180114762 A 19-10-2018
US 2018294109 Al 11-10-2018

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

31




	bibliography
	abstract
	description
	claims
	drawings
	search report

